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Background: Current therapy for crotaline snakebite 
includes antivenin (Crotalidae) polyvalent, an antive- 
nom with numerous adverse effects. We compared the 
efficacy and safety of 2 dosing regimens with a new 
antivenom, Crotalinae polyvalent immune Fab 
(Fab AV). 

Methods: A single dose of Fab AV alone (as-needed 
[PRN] group) was compared with an initial dose plus 
repeated treatments during 18 hours (scheduled 
group) in a multicenter randomized trial. The study 
included patients with minimal or moderate envenom- 
ation by a crotaline snake within the preceding 6 
hours, aged 10 years or older, in whom worsening of 
the envenomation syndrome was observed before 
Fab AV treatment. After treatment with Fab AV to 
achieve initial control, patients were randomized to the 
scheduled or PRN treatment group. Scheduled group 
patients received additional doses of Fab AV every 6 



hours for 3 doses. The PRN group received no planned 
additional doses of antivenom. 

Results: The mean severity score of the 31 patients de- 
creased from 4.35 to 2.39 points (P< .001); there was no 
difference between scheduled and PRN groups. No pa- 
tient in the scheduled group received unplanned Fab AV 
doses, but 8 of 16 patients in the PRN group received un- 
planned doses (P=.002). Acute reactions occurred in 6 
patients (19%), and serum sickness occurred in 6 (23%) 
of 26 patients who returned for follow-up. 

Conclusions: In the first randomized trial of antive- 
nom in the United States, Fab AV effectively terminated 
venom effects. Since the unplanned use of Fab AV in the 
PRN group was common, the treatment regimen may re- 
quire more than 1 initial dose. 
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VENOMOUS snakebite is an 
important health prob- 
lem. Several thousand vic- 
tims suffer snakebite each 
year in the United States. 1 
There are approximately 6 deaths per year 
from snakebite. 2 In addition, 15% to 40% 
of patients develop long-term sequelae of 
envenomation ranging from minor limb 
disfigurement to death. 3 

In the United States, ratdesnakes, wa- 
ter moccasins, and copperhead snakes 
cause nearly all medically important snake- 
bites. Currently, the therapy for snake- 
bite is limited to general supportive care 
of local tissue injury, coagulopathy, and 
hypotension as well as the administra- 
tion of antivenom to selected patients. The 
only antivenom available in the United 
States is antivenin (Crotalidae) polyva- 
lent (Wyeth-Ayerst Laboratories, Phila- 
delphia, Pa), a hyperimmune horse se- 
rum product that neutralizes many 
components of crotaline snake venom. Al- 



though effective, its use has been limited 
by the frequency of adverse effects. Acute 
reactions occur in 20% to 25% of pa- 
tients; the severity of reaction ranges from 
minor rashes to life-threatening anaphy- 
laxis. 4 " 6 Death caused by overwhelming 
acute bronchospasm and hypotension has 
occurred. Equally troublesome is the fre- 
quent occurrence of serum sickness, a de- 
layed type III hypersensitivity reaction that 
occurs in 50% to 75% of patients treated 
with the Wyeth-Ayerst Laboratories prod- 
uct. 47 Serum sickness may cause fever, 
diffuse rash, intense urticaria, arthralgia, 
hematuria, and constitutional symptoms 
that persist for several days and often 
prevent normal activities unless treated 
with antihistamines and systemic admin- 
istration of corticosteroids. 

A new medication has been devel- 
oped for the treatment of crotaline snake- 
bite. Crotalinae polyvalent immune Fab 
(ovine) (Therapeutic Antibodies Inc, Nash- 
ville, Tenn) is produced ir 
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PATIENTS AND METHODS 



informed consent, or (10) the presence of any disease that 
would interfere with patient examination. 



PATIENTS 

Inclusion criteria were (1) minimal or moderate enven- 
omation (defined herein) by a North American crotaline 
snake within the 6 hours preceding administration of the 
study drug, (2) age 10 years or older, and (3) progression 
of the envenomation syndrome. Progression was defined 
as worsening under direct observation of an evaluation mea- 
sure used in grading the envenomation: local injury, co- 
agulation abnormality, or systemic symptoms or signs. 

Minimal envenomation was defined as swelling, pain, 
and ecchymosis limited to the immediate bite site; no sys- 
temic symptoms and signs; and normal coagulation mea- 
sures with no clinical evidence of bleeding. Moderate en- 
venomation was defined as swelling, pain, and ecchymosis 
involving less than 1 extremity (if on the trunk, head, or neck, 
extending less than 50 cm) ; systemic symptoms and signs may 
be present but not life-threatening (may include but are not 
limited to nausea, vomiting, oral paresthesia or unusual tastes, 
mild hypotension [systolic blood pressure >90 mm Hg] , mild 
tachycardia [heart rate <150 beats per minute], and tachy- 
pnea) ; and coagulation measures may be abnormal, but with- 
out clinical evidence of bleeding (minor hematuria, gum bleed- 
ing, and nosebleeds are allowed if not deemed severe by the 
investigator). 

Exclusion criteria were (1) lack of progression of the 
envenomation, (2) severe venom poisoning (swelling, pain, 
and ecchymosis involving more than an entire extremity 
or threatening the airway; markedly abnormal systemic 
symptoms and signs, including severe alteration of mental 
status, severe hypotension, severe tachycardia, tachypnea, 
or respiratory insufficiency; and abnormal coagulation 
measures with serious bleeding or severe threat of bleed- 
ing), (3) bite by the copperhead snake (AgMstrodon contor- 
trix), (4) infusion of more than 1 vial of antivenin (Cro- 
talidae) polyvalent before enrollment, (5) history of 
hypersensitivity to a sheep-derived product, (6) use of cor- 
ticosteroids or any experimental medication in the 4 weeks 
preceding study enrollment, (7) pregnancy or lactation, 
(8) previous enrollment in the study, (9) inability to give 



STUDY DESIGN 

This study was a prospective, randomized, controlled, open- 
label comparative trial (figure) performed at 7 sites 
(Table 1 ). The study was performed between June 1 1 , 1994, 
and November 1, 1996. Written informed consent was ob- 
tained and the study was approved by the institutional re- 
view board at each site. After enrollment and standardized 
initial assessment (history, physical examination, and labo- 
ratory tests), each patient received an intravenous dose of 6 
or 12 vials of Fab AV to achieve initial control. Initial con- 
trol of the envenomation syndrome was prospectively de- 
fined as cessation of progression of all components of enven- 
omation: local effects, systemic effects, and coagulopathy. This 
included complete termination of swelling progression and 
complete reversal of systemic effects. Coagulopathy had to 
return to normal or near-normal values. Because the study 
was not blinded, patients were randomized to a treatment 
group only after initial control was achieved to distribute 
evenly any bias in the investigator's assessment of when ini- 
tial control had been achieved. Randomization was assigned 
individually by means of a predetermined randomization pro- 
cedure administered by a central call center. 

Treatment with Fab AV was administered in 2 phases. 
First, a dose of 6 vials was administered to obtain initial 
control. If necessary, a second dose of 6 vials was allowed 
to achieve initial control. If initial control could not be 
achieved with 1 2 vials of Fab AV and within 6 hours of ini- 
tial treatment, treatment was deemed to have failed. 

After initial control was achieved, patients were ran- 
domized to the as-needed (PRN) or scheduled group for 
the second phase. The second phase involved clinical moni- 
toring for progression or resolution of venom effect. Pa- 
tients in the PRN group received no further Fab AV unless 
the investigator detected progression of one of the signs of 
envenomation: local effects, systemic effects, or coagulop- 
athy. Additional Fab AV could then be administered with- 
out limit in 2-vial increments. Patients in the scheduled 

Continued on next page 



lar to digoxin immune Fab (Digibind; Glaxo Wellcome 
Inc, Research Triangle Park, NC). Individual flocks of 
sheep are immunized with 1 of 4 crotaline venoms 
(Western diamondback, Eastern diamondback, and 
Mojave rattlesnakes and the cottonmouth). The immune 
serum from each flock is digested with papain to pro- 
duce antibody fragments (Fab), which are then purified 
by chromatographic methods to remove the immuno- 
genic Fc portion of the antibody and the nonneutraliz- 
ing components of ovine serum. The 4 monospecific 
antivenoms thereby produced are combined to form the 
final antivenom product. The new antivenom averaged 
5.2 times (range, 3.0-11.7 times) more potent than 
antivenin (Crotalidae) polyvalent on the basis of weight 
in a mouse lethality model. 8 A prospective open-label 
trial of the new antivenom in 11 patients found that all 
patients improved after treatment and no acute or 
delayed allergic reactions occurred. 9 However, progres- 



sion of limb swelling was found in 3 patients, with time 
of onset ranging from 6 to 19 hours. To suppress local 
recurrence, an improved dosing schedule was devised. 
The purpose of this study was to compare the efficacy 
and safety of Crotalinae polyvalent immune Fab 
(Fab AV) with the use of 2 dosing regimens. We believe 
this to be the first randomized trial of antivenom in 
North America. 




There were 3 1 patients enrolled (Figure) . No patients were 
excluded or dropped from the study. The study groups 
were similar in age, weight, sex and racial composition, 
initial severity score, range of severity scores, and the 
amount of Fab AV required to achieve initial control of 
the envenomation (Table 1). Progression of local swell- 
ing was present in all patients before treatment. 
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group received 2 vials of Fab AV every 6 hours for a total 
of 3 doses (18 hours) and could receive additional doses if 
the investigator detected worsening of the envenomation. 
The severity score was determined at 1, 6, and 12 hours 
after the establishment of initial control. Swelling mea- 
surements were performed every 2 hours from 6 to 12 hours 
and then every 12 hours until 36 hours after initial con- 
trol. Safety evaluations, including laboratory tests, were per- 
formed at 1, 2, 6, 12, 24, and 96 hours and at 14 days. All 
patients were discharged within 36 hours. 

STUDY DRUG 

Each vial of lyophilized Crotalinae polyvalent immune 
Fab (ovine) contained 750 mg of Fab and sodium phos- 
phate buffer. The Fab preparation has been described pre- 
viously. 8 Each vial was prepared for infusion by reconsti- 
tution in 10 mL of sterile water. The initial dose of 6 vials 
was diluted in normal saline to a final volume of 250 mL 
and infused during 60 minutes. Two-vial doses were ad- 
ministered during 30 to 60 minutes. 

EVALUATIONS AND DEFINITIONS 

To assess efficacy, each patient was examined at baseline, 
on achievement of initial control, and at 1, 6, and 12 hours 
after initial control was achieved. Initial control was de- 
fined as the cessation of worsening of all evaluation mea- 
sures as assessed by the investigator. The primary assess- 
ment tool was the snakebite severity score, a previously 
tested measure that quantifies the clinical effects of venom. 10 
A secondary measure, the investigator's clinical assess- 
ment, was used to confirm the severity score and ascertain 
its clinical relevance. To perform each assessment, the in- 
vestigator assigned the patient's response to 1 of 4 catego- 
ries: (1) clinical response: pretreatment signs and symp- 
toms associated with the bite improved or progression was 
arrested after treatment with antivenom; (2) partial re- 
sponse: pretreatment signs and symptoms associated with 
the bite site worsened, but at a slower rate than antici- 
pated; (3) clinical nonresponse: the patient's condition was 
not favorably affected by the administration of study drug; 
or (4) not evaluable. 



Evaluations for acute hypersensitivity reactions were 
performed by the investigator at baseline, during study drug 
administration, and 1, 2, 6, and 12 hours after initial con- 
trol. An acute reaction was defined broadly as any appar- 
ent adverse response that occurred during or within 2 hours 
of Fab AV infusion. Evaluations for delayed hypersensi- 
tivity reactions (serum sickness) were performed at 2, 4, 
7, and 14 days after discharge from the hospital. Delayed 
reactions were defined as any adverse event involving 1 of 
the following: cutaneous eruption, arthralgia, gastrointes- 
tinal tract complaints, or lymphadenopathy occurring more 
than 24 hours after antivenom administration. In addi- 
tion, each patient completed a diary for recording of symp- 
toms that occurred between visits. 

STATISTICAL ANALYSIS 

Sample size calculations were calculated using data from a 
pilot study. 9 A sample size of 28 patients was calculated to 
achieve 80% power to detect a severity score difference of 1 .0 
point between groups, assuming an a level of .05 and using 
2-sided independent-group t test. A 5% dropout rate was pos- 
tulated, producing a planned study size of 30 patients. 

The primary assessment of efficacy was the snakebite 
severity score. 10 Efficacy was defined as a stable or decreas- 
ing severity score during the 12-hour evaluation period af- 
ter establishment of initial control. Because of the discrete 
nature of the data, severity scores were compared nonpara- 
metrically over time by means of the Friedman test. Sever- 
ity scores between the 2 dosing regimens were compared 
at each time point by means of the 2-sided Mann-Whitney 
test. The 6 components of the severity score were also com- 
pared over time by the Friedman test. Statistical signifi- 
cance was defined as a probability less than 5% (P<.05). 
All tests were performed with commercially available sta- 
tistical software (Arcus Quickstat Biomedical Version 6.2; 
Longman Software, Cambridge, England). The propor- 
tion of patients in each regimen who developed local swell- 
ing or coagulopathy recurrence was compared by Fisher 
exact test. The total number of vials used in each dosing 
regimen was compared by a 2-tailed unpaired t test. Safety 
was assessed by means of descriptive statistics and indi- 
vidual case analysis and review. 



EFFICACY EVALUATION 

All patients were included in the efficacy evaluation. Ini- 
tial control of the envenomation syndrome was achieved 
in all patients. The mean total severity score began to de- 
crease on the infusion of Fab AV in all patients and con- 
tinued to decrease in both groups through the evalua- 
tion period (Table 2). The mean severity score of the 
31 patients decreased from 4.35 to 2.39 points (P<.001); 
there was no statistical difference between the sched- 
uled and PRN groups. The decrease in the severity of ill- 
ness after Fab AV infusion, as represented by the sever- 
ity score, was composed entirely of reductions in the 
coagulation, central nervous system, gastrointestinal tract, 
cardiac, and pulmonary components (data not shown). 
The local wound component did not decrease or in- 
crease after treatment. There were also no differences in 
the individual component scores between the PRN and 



scheduled groups. At the follow-up visits, local venom 
effects were described as improved throughout the study 
period. 

Investigators also categorized the time needed to re- 
constitute Fab AV into 4 categories (0-10, > 10-20, >20- 
30, or >30 minutes). Overall, for 27 of the patients, 6 
(22%) took 0 to 10 minutes for reconstitution, 13 (48%) 
took greater than 10 to 20 minutes, and 8 (30%) took 
greater than 20 to 30 minutes; the time was not re- 
corded for 4 patients. 

RECURRENCE PHENOMENON 

Recurrence was defined as the return of any venom ef- 
fect after that abnormality had resolved. Thus, return of 
progression of swelling after its initial arrest had been 
documented was described as a local recurrence, while 
return of thrombocytopenia, hypofibrinogenemia, pro- 
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Completed Efficacy Evaluation Completed Efficacy Evali 



Completed Follow-up Evali 



Completed Follow-up Evaluations 



Schematic diagram of study. PRN indicates as needed. 

longation of prothrombin time, or elevation of levels of 
fibrin split products was described as a coagulopathy re- 
currence. The issue of coagulopathy has been addressed 
in detail previously. 11 

The planned dose of Fab AV in the scheduled group 
was a total of 12 to 18 vials (6 or 12 vials for initial control 
and then 2 vials every 6 hours for 3 doses). The dose in 
the PRN group was 6 to 12 vials with no planned doses 
after initial control. As a safety precaution, the protocol al- 
lowed the investigator to administer additional "rescue" 
doses of Fab AV to patients in either group if clinically 
needed. No patient in the scheduled group received addi- 
tional Fab AV, while 8 patients (50%) in the PRN group 
received additional doses for recurrence of local wound pro- 
gression during the first 12 hours (P= .002; Table 3). De- 
spite the use of different dosing regimens, the total amount 
of study drug administered was not statistically different 
between groups: a mean (± SD) total of 13.0±3.9 vials was 
used in the scheduled group, while 1 1 . 1 ±4.5 vials were used 
in the PRN group. Each episode of local recurrence was 
successfully terminated with 2 additional vials of Fab AV. 
There were no recurrences of local effects after discharge 
from the hospital. 

SAFETY EVALUATION 



Six patients (19%) developed an acute reaction during 
Fab AV infusion; 3 occurred in each study group 
(Table 4). As categorized by the investigator, there were 
4 mild cases of transient urticaria. There were 2 moder- 
ate cases: 1 in a patient who developed wheezing and dysp- 
nea and 1 in a patient who developed cough and urti- 
caria. Two patients received no treatment, and all other 
patients responded promptly to treatment. 

Five patients did not return for the 14-day visit. Of 
the remaining 26 patients, 6 (23%) developed serum sick- 



Table 1. Demographic Data of Enrolled Patients* 



Total Patients Scheduled Group PRN Group 









Age.y 






Mean t SD 


37.3 ±16.2 


34.9 ±14.1 39.6 ±18. 


Range 


11-76 


11-70 15-76 


Body weight, 


74.4 ± 18.6 


73.8 ±22.5 75.0 ±14. 


mean±SD,kg 






Sex, No. M:F 


24:7 


12:3 12:4 


Race, No. 






White 


26 


13 13 


Hispanic 


3 








0 1 


Native American 


1 


1 0 


Bite location 






Finger/hand 


24 


11 13 




0 


0 0 


Toe/foot 


4 


2 2 


Leg 


2 




Clavicle 




1 0 



Site of enrollment 
Albuquerque, NM 
Denver, Colo 
Gainesville, Fla 
Thomasville, Ga 
Phoenix, Ariz 
San Diego, Calif 
Tucson, Ariz 

Envenomation grade 
at entryt 
Minimal 
Moderate 

No. of vials of Fab AV 
to achieve initial 
control, No. (%) 
3* 

12 



4(27) 



•PRN indicates as needed; Fab AV, Crotalinae polyvalent immune 
Fab (ovine). 

tSee "Patients" subsection of "Patients and Methods" section for severity 
grading. 

tPatient received only 3 vials because of moderate allergic reaction. 

ness (Table 5). Two cases were rated as mild, 2 were 
moderate, and 2 were severe. The worst case of serum 
sickness involved diffuse hives and urticaria, which was 
treated successfully on an outpatient basis with antihis- 
tamines and a short course of prednisone. There were no 
reported sequelae of serum sickness at the 28-day fol- 
low-up visit. Notably, the first 5 patients who devel- 
oped serum sickness were treated with a batch of Fab AV 
that was later found to contain excess Fc fragments re- 
tained from a flawed step in the manufacturing process. 
A new purification step was introduced, and only 1 (6%) 
of the subsequent 16 patients developed serum sick- 
ness. In contrast, the rate of acute reactions was similar 
among batches of Fab AV. 

The Fab AV was administered concomitantly with 
opioid, minor analgesic, antiemetic, and anxiolytic 
medications in nearly all patients (90%). No drug-drug 
or drug-disease interactions were reported. Preexisting 
patient conditions included hypertension in 3 patients, 
hypothyroidism in 2 patients, and renal insufficiency, dia- 
betes, congestive heart failure and hypertension in 1 pa- 
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Table 2. Comparison of Total Severity Scores 
for PRN and Scheduled Groups* 



After initial control achieved 

Mean ± SD 
Median 



Mean ± SD 
Median 



*PRN indicates as needed; Fab AV, Crotalinae polyvalent immune 
Fab (ovine). 

TDosing regimen scores at each time point are not statistically different 
(P>.05, Mann-Whitney test). 

{Baseline scores are statistically different from 12-h scores (P<.001, 
Friedman test). 



tient. A total of 3 patients with a history of asthma were 
enrolled; 2 developed an early reaction during Fab AV 
infusion. 




Crotaline snakebite is a dynamic disease process. By defi- 
nition, a crotaline envenomation begins with minimal 
clinical effects (fang marks and perhaps localized pain 
and swelling). In many cases, however, the initial mini- 
mal injury worsens to threaten limb or life. Every en- 
venomation that is destined to become severe must there- 
fore progress through the grades of minimal and moderate. 
In untreated cases, death has occurred within hours from 
shock and multiple-organ injury. Conversely, the venom 
effects may worsen in an indolent manner during many 
hours or may fail to worsen at all, if no venom was ac- 
tually injected (the "dry bite"). The variable nature of ven- 
omous snakebite renders clinical evaluation difficult. If 
therapy is applied to a bite that is not destined to worsen, 
it may erroneously appear to be an effective treatment, 
while a massive envenomation could overwhelm all forms 
of therapy, causing an otherwise effective therapy to 
appear ineffective. 

To address these difficulties, we used a comparative 
trial design with inclusion criteria designed to maximize 
the probability that the patient had suffered a clinically im- 
portant envenomation. Patients were enrolled within 6 
hours of envenomation, while they still had minimal or 
moderate grade envenomations and evidence of clinical 
worsening at the time of antivenom administration. Pa- 



Table 3. Recurrence of Local Venom Effects 



No. (%) of Patients 

No. of Recurrences PRN Group* Scheduled Group Total 

per Patient (n = 16) (n = 15) (N.31) 

1 2(12.5) 0 2(6.5) 

2 4(25.0) 0 4(12.9) 

3 2(12.5) 0 2(6.5) 
Total 8(50.0)t 0 8(25.8) 



*0ne patient did not return and could not be contacted for evaluation. 
tP = .002 compared with scheduled group. 

dents with severe envenomation were excluded because 
extensive injury may obscure antivenom effect. For ex- 
ample, if the maximal amount of swelling has already oc- 
curred, then the antivenom would be expected to have 
minimal clinical effect. 

The primary limitation of this study is the open la- 
bel design. We attempted to minimize this effect by us- 
ing a randomized design and a validated severity score 
with specific definitions to limit and distribute investi- 
gator bias. However, the potential bias of open-label stud- 
ies may manifest in forms for which we could not com- 
pensate. Another limitation is the exclusion of patients 
with severe envenomation, which was desired by the regu- 
latory agency. While an antivenom effective in less se- 
vere cases would also be expected to be useful in severe 
envenomations, further evaluation in this patient group 
is needed. 

Crotalinae polyvalent immune Fab (ovine) success- 
fully achieved initial control of the envenomation syn- 
drome in all study patients, and both groups continued 
to improve during the 12-hour evaluation period. As 
judged by the snakebite severity score, the 2 treatment 
strategies (PRN vs scheduled) showed similar effective- 
ness. However, additional unscheduled doses to re- 
cover control of recurrent local swelling were adminis- 
tered to one half of patients in the PRN group, while no 
patient in the scheduled group required unplanned doses. 
This increased the actual total dose administered to the 
PRN group and caused the 2 groups to receive similar 
total amounts of antivenom, despite the fact that the dos- 
ing regimen for the scheduled group required a mini- 
mum dose of 12 to 18 vials while the PRN group re- 
quired only 6 to 1 2 vials. This result indicates that repeated 
doses of Fab AV will likely be needed to provide ad- 
equate clinical treatment of envenomation. 

The effect of Fab antivenom was most noticeable in 
the components of the severity score involving the co- 
agulation system, central nervous system, gastrointesti- 
nal tract, and cardiovascular system. Each of these mea- 
sures decreased during the initial infusion of Fab AV and 
continued to decrease throughout the evaluation pe- 
riod. Thus, venom-induced dysfunction in these areas ap- 
pears to be a dynamic process that can be terminated and 
reversed by antivenom. In contrast, the local injury com- 
ponent of the score did not improve. This observation 
may be explained by the fact that ecchymosis and edema 
formation involve hemorrhage, cell swelling, and cell 
death, processes that are less reversible or only slowly 



(REPRINTED) ARCH INTERN MED/VOL 161, SEP 10, 2001 WWW.ARCHINTERNMED.COM 



Table 4. Adverse Events During Infusion of Crotalinae Polyvalent Immune Fab (Ovine) 



Treatment 



None, resolved spontaneously 

None, resolved spontaneously 

Diphenhydramine hydrochloride, cimetidine, 
methylprednisolone acetate 

Cimetidine, methylprednisolone 

Infusion was stopped; patient's symptoms responded 
promptly to intravenous administration of 
diphenhydramine and ranitidine hydrochloride; reaction 
recurred when infusion was restarted; no further 
antivenom was administered 

Infusion was stopped; patient's symptoms responded 
promptly to diphenhydramine, famotidine, and albuterol 
therapy; additional antivenom was infused without 
further reaction by using precaution of epinephrine 
infusion 



None, resolved spontaneously 

None, resolved spontaneously 
Diphenhydramine hydrochloride 
Diphenhydramine, methylprednisolone acetate 
Diphenhydramine, hydroxyzine hydrochloride, 

methylprednisolone 
Methylprednisolone, hydroxyzine 



Isolated urticaria 

Allergic reaction (cough and urticaria) ii 
history of reactive airway disease 



*PRN indicates as needed. 



Table 5. Delayed Adverse Events (Serum Sickness) 



Moderate 
Moderate 



Pruritus, rash, arthralgia (patient received te: 

of horse serum) 
Pruritus, rash, arthralgia 
Rash 

Pruritus, rash, anorexia 



!N indicates as needed. 



reversible. 1 2 It is important that the snakebite severity score 
did not worsen. Because we did not include an un- 
treated control group, it is impossible to assert that the 
severity scores of these patients would have worsened. 
However, an increase in the score would be the ex- 
pected course for patients who met the inclusion crite- 
ria for this study. 

This study alters understanding of crotaline 
snakebite in other ways as well. As noted above, local 
manifestations recurred in 8 of 16 patients. While this 
was easily managed by the administration of additional 
Fab AV, this phenomenon has not been described pre- 
viously. A related finding is much more striking. In ad- 
dition to recurrence of local effects, return of coagula- 
tion abnormalities was noted in many patients who 
exhibited a coagulopathy at presentation. Although the 
information has not entered the mainstream medical lit- 
erature, anecdotal evidence of this phenomenon has been 
reported sporadically for nearly 20 years. 13 A retrospec- 
tive analysis of a large database of crotaline snake en- 
venomations indicates that the phenomenon also oc- 
curs after the use of the currently available antivenom, 
antivenin (Crotalidae) polyvalent. 14 

The pathophysiology underlying either local or co- 
agulopathy recurrence is unknown. However, there are 
at least 4 potential explanations. First, the snake may have 
injected sufficient venom to overwhelm the neutraliza- 
tion capacity of the antivenom. A related concept in- 



volves the half-life of the antivenom; the elimination half- 
life of ovine Fab is relatively short for an antibody, 12 to 
30 hours. 15 " 17 Perhaps all venom in the blood was neu- 
tralized initially, but continued to be absorbed from the 
bite site. Unbound Fab AV would be eliminated renally. 
As the antivenom was eliminated, the point would be 
reached where further venom absorbed from the bite site 
could not be neutralized by the unbound Fab AV re- 
maining in the blood. Renewed venom effect could then 

Second, it is possible that the venom-Fab AV com- 
plex dissociated, allowing the venom injury to rede- 
velop. The antigen-antibody complex in snake venom poi- 
soning may be predisposed to this phenomenon. Many 
of the venom components have molecular weights of 
20000 to 150000 daltons. When bound to a Fab with a 
molecular weight of 50000 daltons, the complex would 
be too large for renal excretion, and persistence in the 
circulation would be expected. A similar phenomenon 
of recurrence has been documented with digoxin im- 
mune Fab, where recurrence of free (unbound) digoxin 
levels has been documented as early as 12 to 24 hours 
after administration. 18 Because of the high affinity of di- 
goxin immune Fab for digoxin, however, it has been 
concluded that the cause is much more likely to be re- 
distribution of digoxin. 18 

Third, the composition of venom components 
absorbed from the bite site may change over time. Since 
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crotaline snake venom has dozens of components, per- 
haps those that are absorbed later differ from compo- 
nents absorbed earlier and are not bound as well by an- 
tivenom. The components with delayed absorption might 
then produce effects that could not be terminated by an- 
tivenom administration. This explanation seems un- 
likely because the recurrent coagulopathy caused the same 
abnormalities as the original coagulopathy and was suc- 
cessfully treated with additional doses of antivenom in 
most of the patients with recurrence. 

Fourth, human antisheep antibodies may have 
developed. If the patient rapidly produced antibodies 
against the ovine Fab, these antibodies might have 
interfered with the binding of Fab to venom compo- 
nents. This is not likely because recurrence occurred 
within hours to days, and this type of response requires 
7 to 19 days to develop. 19 

We believe the most likely explanation is that venom 
continues to be absorbed from the bite site for days after 
injection. Animal and clinical data support this conclu- 
sion. 17 - 20 ' 21 The recurrence of venom effect, therefore, 
should be responsive to further antivenom admini- 
stration. This was the case in all patients with local re- 
currence and nearly all patients with coagulopathy 
recurrence. 

Finally, the reconstitution profile for the new 
antivenom may be clinically important. The antive- 
nom currently available, antivenin (Crotalidae) poly- 
valent, requires at least 30 to 60 minutes to enter solu- 
tion. This can become a serious clinical problem when 
swelling occurs in critical areas such as the airway or 
the patient manifests systemic effects such as hypoten- 
sion. An antivenom that could be administered within 
15 to 30 minutes would be desirable under these con- 
ditions. 

The administration of Crotalinae polyvalent 
immune Fab (ovine) was consistently associated with 
prompt improvement in the patient's condition. Antive- 
nom dosage was contingent on an individual patient's 
response. On the basis of our data, the recommended 
initial dose is 6 vials, with further 6-vial doses until ini- 
tial control of the envenomation syndrome has been 
achieved. After initial control has been established, addi- 
tional 2-vial doses every 6 hours for 3 doses may be 
needed. Additional 2-vial doses may be needed on the 
basis of close follow-up for late recurrences of coagulop- 
athy, especially if these effects were present during hos- 
pitalization. 
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